S1I TITLE (Include Secunty Classification)
Determination of the amount of energy radiated in the visible region by an illuminating flare flame. ,he objective is to determine the absolute spectral energy radiated in the visible region by a Mk 24 illuminating flare. A spectrum of the flame in the visible region is obtained with a scanning spectrometer. The integrated visible energy radiated by a flare . -has a measured value of 2510 kcal which is about 11 percent of the energy of the flare reaction.
PERSONAL AUTHOR(S)
Important components of the radiation from a magnesium-sodium nitrate flare are presented along with a description of excitation processes which may be present. The processes includelchemical excitation of the sodium atoms, thermal excitation of the sodium atoms, and thermal excitation of other substances. It is concluded that thermal radiation * , by sodium is more probably the major component of the visible energy than chemiluminescence.
A calculated 17 percent of the total radiated energy is found in the visible. This is compared to 10.8 percent of its total that a blackbody at 3000?K can radiate in the : UNCLASSIFIED Block 19, iglnued isible. These comparisons are made to show that the spectral emissivity of the flare in the visible region is generally greater than elsewhere. The practical importance of selective emitters is discussed in relation to possible improvement of the light output. A calculated 17 percent of the total radiated energy is found in the visible. This is compared to 10.8 percent of its total that a
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blackbody at 3000 0 K can radiate in the visible. These comparisons are made to show that the spectral emissivity of the flare in the -visible region is generally greater than elsewhere. The practical The flame from this flare is typioal of flames produced by combustion of magnesium and sodium nitrate. The flare is normally released-.
--p;
from aircraft over the area to be illuminated. A parachute automatioally suspends the illuminating element at a preseleoted time.
During the descent, the flame radiates with an average luminous intensity of about 1.7 million candles for nearly 180 seconds.
Additional data about the flare are listed in Appendix A.
. 4 The spectrum of this flame shows a strong, broad continuum distributed about the sodium resonance lines. This continuum is superimposed on a weaker background continuum which extends through-.
out the visible region. The sodium related continuum extends from about 550 nia to 700 myi. The radiant energy represented by the sodium feature represents a significant portion of the total radiant energy in the visible region. The relatively large amount of energy radiated by this flare in the visible region is the reason that the flame -. ,A.-..
resulting from the magnesium-sodium nitrate reaction has been adopted - 4 as a common pyrotechnic means for producing light.
In the early 1950's, investigators at Pioatinny Arsenal, Dover, New Jersey, learned that pyrotechnic light could be produced more 
The data presented by Blunt 4 also shows that a degradation of luminosity from these flames occurs as the ambient pressure is reduced and that the effect grows sharply in magnitude at pressures of less than 150 torr. In all oases, the line and band structure is C, superimposed on a weaker background continuum. The observation of the different types of structure in the spectra leads naturally to spectrum is the broadened region around the sodium resonance lines.
The observed pressure dependence leads to the question whether the theory of line broadening is applicable to the study of this region. . .
.'.
Statement of the Problem
The objective is to determine the nature of the interaction which causes the continuum about the sodium resonance lines to be .. so strong and broad.
The broadened region about the sodium lines is pressure dependent. On the other hand, the Lorentz and ,rablonski theories of pressure broadening my not be directly applicable to a oomplicated system such as the flare flame.
It is unclear at this point whether the sodium emission and broadening is primarily a physical or a chemical property of the .1 system. That is, would other systems containing sodium atoms at _421 
Standard Lamps
A quartz iodine lamp calibrated in p watts/cm /IOA at 40 cm distance was used to calibrate the monochromator for energy intensity. 
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-. ercury-cadmium, rubidium, sodium, and neon spectral lamps were used 6.to calibrate the monoohromator for wavelength.
E-40

WAVELENGTH
ZR Optics
A double convex lens with a 42m. focal length was used to condense the image of the flame so that it would all pass through the7' 2imm slit on the monoohromator. In this way, all of the energy could be collected from the entire flame emitting surface whioh was radi-, ating in the direction of the monoohroaator. As will be described later, this enables one to compute the amount of energy radiated inj all directions. A 4m mask was placed in front of the lens to limit the energy entering the monoohromator to only the center region It is important to note that RfA is the spectral radiant energy from the entire emitting surface of the flame and that it was not necessary to def in&, Le The spectrum in Figure 4 lacks resolution because it was taken . X through a 2rir slit opening and at a fast scan rate. Nevertherless, since it is the integrated value and not the fine structure which ..
is important, the error introduced by the lack of resolution is -shown to be tolerable. Flare spectra were also taken with a 1.5 ~_ meter B&L grating spectrograph with a ten micron slit opening. In these high resolution spectra which are not reproduced herein, we observe the sodium line reversal at 588.89 nmi and 589.59 up~, the
__
MgO band structure near 500 ua, and the 516, 517, and 518 upI mag- 
Radiativo Components of the Flame
The flare flame is a quasi-gas system which cannot be expected to exhibit only the normal properties of systems in total equilibrium. Conversely, the system may exhibit some non-equilibrium characteristics. It is therefore necessary to distinguish some of the processes which may be responsible for the radiation.
First, sodium can be excited by
The sodium is, in this case, an excited product of the exothermic reaction. The radiation released by sodium excited in this way is defined for our purposes as specific emission or ohemiluminescence.
The extent of excitation in a process such as this does not depend directly on the temperature of the system in a well defined way.
Each sodium atom is unlikely to undergo reaction (4) more than once during the life of the flare.
Sodium can also be excited by thermal collisions,
N+M+M.(5)
'L This reaction involves excitation by energy exchange through a collisional process. Its probability is temperature dependent and thus may be considered thermal excitation of sodium. Such a reaction can occur more than once for each sodium atom.
A more general case of a thermal process is
Z + >ZIP + M. (6)
In this case, Z may be any particle which collides with particle M.
Analogous to equation (5) RUYrN No. 135 tomporaturo depondent and can occur more than once during the life of a given emitter within the flame. This is to be taken as a generalized mechanism for exciting components of radiation in the flame as a result of its thermal energy. This radiation may be continuous and is known as blackbody radiation when the spectral emissivity is l,or graybody radiation when the emissivity is less than 1.
Temperature
It is clear that the radiated energy may be composed of parts 0 ... from several sources. To speak of a flame temperature can be misleading unless the temperature is defined or is used in a restricted
. :ma
Although the concept of temperature in this flame may not be definitive, temperatures having restricted definitions can be used to describe various features of the system in order to establish some of the beuadary conditions.
Maximum Flame Temperature
The maximum flame Iemperature (Tav) is defined by the energy balance equation
where is the total heat lost by radiation from the flare, K is the total heat lost from the flare by convection, C is the weighted sum of the heat capacity of the combustion products, and Q is the total enthalpy of the flare reaction less the latent heats of the combustion products. 
..
The actual flare formula is given in Appendix A.
. Neglecting losses by radiation and convection, the maximum flame
__-_-__
tempemtre is computed to be 3533*K which is the boiling point of -.
-. We previously called attention to the magnesium oxide bands near 500 upa. These are but one example of non-sodium related radiation which is due to thermal exoitation by the process shown in equation (6).
Finally, we will provide evidence to show that the emissitvity in the visible region is generally greater then emissivity elsewhere.
We start with equation (7),
and neglect K. At a temperature (Tav) of 3000*K, 4is computed to be 14,360 kcal which represents the total energy radiated by the These experiments did not provide any data which can be used to one can see that it is of equal importance to give consideration to the loss of energy by radiation ;fatside of the visible as it is--to concentrate on increasing the integral energy in the visible.
Conclusions 0
The amount of energy radiated by the flare in the visible region -.
was measured as 2510 kcal which is about 11 percent of the energy of ,', the flare reaction. 6
The exact nature of the interaction which causes the continuum in the vicinity of the sodium D lines was not determined. On the
.-
other hand, we showed that the visible energy does not have a Planokian distribution and provided evidence that the excitation of sodium is more likely to be the result of a thermal than a chemiluminescent process.
A maximum of 60 percent of the visible radiation can originate by a chemiluminesoent (non-thermal) mechanism by which each emitter may only be excited once. If sodium is the principal emitter, each .
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sodium atom must be excited more than once. Multiple excitation is ' .
not allowed if the process is solely non-thermal.
On the other hand, L--. are normal for a thermal process as described by equation (5).
Another important feature of this flare is that about 17 percent of th(, total radiated energy is found in the visible, To obtain this energy distribution, emitters in the visible muzst generally have greater emissivity than the emitters in other regions. This emphasizes the practical aspects of formulating an illuminating flare, Not only is it important to select emitters with a high emisisivity for visible radiation but also, every effort isnt be made to exclude emitteru capable of radiating outside of the visible. 
